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INTRODUCTION
Pheochromocytomas (PCCs) and paragangliomas (PGLs), together abbreviated to PPGLs, are neuroendocrine tumours originating from neural crestderived chromaffin cells and arising in the adrenal medulla and extra-adrenal paraganglia, respectively. PCCs and PGLs localised in the thorax (T-PGLs) and abdomen (A-PGLs) are derived from sympathetic lineage and tend to be functional by secreting catecholamines. Head and neck PGLs (HN-PGLs) are derived from parasympathetic lineage and are usually non-secreting. Although rare, with a reported prevalence of 0.2-0.6% in patients with arterial hypertension, 1 PPGLs show the highest degree of heritability of all human neoplasias. 2 3 Since the description of the NF1 gene in 1990, 4 numerous discoveries related to the genetic background of PPGLs have been made, and it is now known that around 70% of PPGLs are associated with a mutation in one of the 22 known PPGL-related genes, either germline only (in SDHC, KIF1β, SDHAF2, TMEM127, SDHA or FH), 2 somatic only (in HRAS), 2 germline or somatic (in NF1, RET, VHL, SDHD, 5 SDHB 6 or MAX) 2 or somatic and somatic mosaicism (in EPAS1). 2 Mutations in other genes, such as MEN1, 7 EGLN1, EGLN2, 2 8 MDH2 9 and IDH1, 2 have been reported in single cases or families suggesting that their contribution to the disease is modest. In addition, somatic mutations in ATRX, 10 BRAF and TP53 11 have been described, but their role is yet to be established.
Systematic genetic screening of all PPGL-related genes is an expensive and time-consuming task and so algorithms are required to guide genetic testing based on the presence of associated pathologies or clinical or molecular features. Information on indicators of hereditary disease (such as positive family history, syndromic features or metastatic, extra-adrenal, multifocal or bilateral presentation), age at diagnosis, tumour location, biochemical phenotype and particularly SDHB/ SDHA-immunostaining, makes it possible to prioritise genes for mutational screening. 1 3 5 12-16 The current clinical practice guidelines for PPGLs 1 recommend that for cases with indicators of low heritability (unilateral PCC without syndromic features or metastatic presentation, or PPGLs without a family history of the disease), the decision to perform germline genetic testing be balanced between the cost of testing and the psychological impact on the patient and their family of not having a test that might explain why they have the disease. These cases have been referred to as sporadic-PPGLs (S-PPGLs).
It has been reported that 11-24% of S-PPGLs harbour a germline mutation in a PPGL-related gene, 14 15 17-20 and therefore algorithms focused specifically on S-PPGLs have been also proposed. 14 15 17-20 However, none of them contemplate testing for somatic mutations, which seem to also be relevant in S-PPGLs. 1 Somatic mutations can cause metastatic [21] [22] [23] and paediatric 21 cases, as well as PPGLs diagnosed before the age of 40 years. 21 24-26 Despite this knowledge, in routine clinical practice S-PPGLs have been excluded from comprehensive genetic screening beyond SDHB mutations, and even that is not always performed. Gene panels using next-generation sequencing (NGS) are a promising genetic diagnostic tool because they are faster and cheaper than the classically used Sanger sequencing.
11 23 27-30 However, assessing the large amount of sequence data and variants of unknown significance generated, and applying appropriate biological interpretation of these results, remains a challenge. Thus, their use is yet to be optimised in daily clinical practice for all PPGL cases. Additionally, as a diagnostic tool, gene panel testing needs to be complemented with the study of gross deletions with multiplex ligationdependent probe amplification (MLPA) or multiplex PCR, and with Sanger sequencing of the exonic regions that cannot be correctly sequenced by NGS. 3 Therefore, information about germline and somatic mutations in S-PPGLs is still scarce, and there is no recommendation about whether germline or tumour DNA should be prioritised for testing. Therefore, while currently available algorithms may be useful, they require updating.
This study aimed to assess the prevalence of somatic and germline mutations in S-PPGLs, and to propose an algorithm that includes a recommendation about the type of material to be used in distinct scenarios.
METHODS

Patients and tumours
The inclusion criteria for patients with S-PPGL included: (1) the presence of a single PPGL (focal and unilateral); (2) the absence of syndromic features of neurofibromatosis type 1, multiple endocrine neoplasia type 1 and type 2 and von Hippel-Lindau syndrome in the patient and their relatives and (3) the absence of a family history of PPGL. The diagnosis was based on pathological study and plasma or urinary catecholamines/metanephrines; plus imaging tests for parasympathetic PGLs.
A blood sample was collected from eligible patients and a complete clinical questionnaire was completed at Spanish public hospitals (see online supplementary materials and methods).
A total of 329 unrelated Spanish index cases with S-PPGLs were recruited between 1997 and 2014: 60.8% were PCCs and 39.2% were PGLs. Among PGLs, 47.3% were HN-PGLs, 10.1% were T-PGLs, 41.9% were A-PGLs and the location of one PGL was not specified. The median age at onset was 46 (IQR: 35-59) years and 58% were women.
Physicians were recontacted to request a frozen or formalinfixed paraffin-embedded (FFPE) tumour sample from patients with negative germline genetic screening. Of 99 tumour samples collected, 75 were FFPE and were evaluated for SDHB-immunohistochemistry (SDHB-IHC) using anti-SDHB rabbit polyclonal antibodies (Sigma-Aldrich Corp). SDHA-IHC was performed on tumours testing negative on SDHB-IHC, as previously described. 31 Staining was considered positive when mitochondrial-specific granular labelling was identified, which suggests the absence of a mutation in the SDH genes.
32 Frozen tumours were not tested for SDHB/SDHA-IHC because this technique was not optimised for this type of sample. All patients provided informed consent.
DNA extraction and mutation testing DNA was extracted from blood following a standard method 33 and from frozen/FFPE tissue using the DNeasy kit (Qiagen Inc.), following the manufacturer's instructions.
Germline DNA from each patient was tested by Sanger sequencing for mutations in RET (ENST00000355710, exons 10, 11, 13-16), VHL (ENST00000256474, all exons, plus the promoter region),
and FH (ENST00000366560). Testing for gross deletions in VHL, SDHB, SDHC, SDHD, SDHAF2, TMEM127, MAX and FH was done by MLPA (MRC-Holland) or multiplex PCR, as previously described. [34] [35] [36] The study of somatic mutations was carried out based on biochemical secretion and SDHB-IHC, the latter only if an FFPE sample was available. Hence, RET was studied in adrenergic secreting tumours, VHL in noradrenergic secreting tumours and SDHB if SDHB-IHC showed negative staining or could not be determined. SDHC and SDHD were only tested if SDHB-IHC was negative and SDHA-IHC was positive. EPAS1 (ENST00000263734), H-RAS (ENST00000451590), MAX, RET and VHL were studied for somatic mutations in tumours from cases for which no SDHB-IHC or biochemical secretion data were available, or when secretion was not detected, in the latter scenario because it was not known whether this was due to the tumour being non-secreting or exhibiting paroxysmal secretion. Because the predominant secretion pattern has not been clearly established for EPAS1 and HRAS, and because MAX-mutated cases present both types of secretion, all tumours (except one with negative SDHB-IHC) were studied for somatic mutations in these three genes. Thus, the somatic study included HRAS (exons 2-3), EPAS1 (exon 12) and MAX in 98 tumours, VHL ( promoter region as well as exons 1-3) in 80 tumours, RET (exons 10, 11 and 16) in 59 tumours, SDHB (all exons) in 23 tumours and SDHC and SDHD (all exons) only in 1 tumour. Finally, we studied somatic mutations in NF1 (ENST00000358273, all exons, using primers described 37 ) in adrenergic PPGL in which frozen tumour sample was available (five tumours). NF1 was analysed in one of the tumours by NGS as part of another study (data not shown); the mutation was confirmed by Sanger sequencing in tumour DNA and ruled out in germline DNA.
The details summarising the steps of the study are shown in online supplementary figure S1. The assessment of the pathogenicity of the variants found is described in online supplementary materials and methods.
Statistical analysis
We used Pearson's χ 2 test, or Fisher's exact test when necessary, to compare proportions. Two-sided p values<0.05 were considered statistically significant. Statistical analyses were performed using IBM SPSS statistics V.17.0 (IBM, Armonk, New York, USA) and R software V.2.7.2 (http://www.r-project.org/) was used to generate figure 1.
RESULTS
Clinical characterisation
The clinical characteristics of cases are detailed in table 1. Clinical and genetic data from the 329 patients included in the study are shown in online supplementary table S1. The clinical presentation of S-PPGLs was mainly symptomatic (71.4%). Adrenergic symptoms were the predominant clinical presentation in PCCs (68.1%), T-PGLs (37.5%) and A-PGLs (47.7%), while local mass symptoms were more common in HN-PGLs (79.4%). PCCs and A-PGLs were predominantly secreting tumours (96.1% and 94.6%, respectively), HN-PGLs were more often non-secreting tumours (80%) and T-PGLs were a more even mix of both. Although the proportion of the secreting HN-PGL seems to be higher than previously described, 38 it is important to note that we did not have this information for all patients. In these patients with secreting HN-PGL, additional PPGLs were ruled out using images techniques. Fifteen paediatric cases (diagnosed at or under the age of 18 years) were recruited, all derived from sympathetic lineage: seven PCCs, one T-PGL and seven A-PGLs, and most (83.3%) presenting with adrenergic symptoms. Twenty-nine cases had developed metastases, which were more common in PGLs (14.0%) than in PCCs (5.5%; p=0.008), and in T-PGLs (38.5%) than in HN-PGLs (8.2%) or A-PGLs (13.0%) ( p=0.012 and p=0.046, respectively).
Genetic characterisation
Genetic analysis revealed mutations in 89 (27.1%) of 329 S-PPGLs; 46 were germline (14%) and 43 were somatic (43.4% of the 99 tumours tested). A summary of the assessment of each variant found (mutation vs variant of unknown significance) is shown in online supplementary table S2. Germline mutations were more prevalent in PGLs (37/129, 28.7%) than in PCCs (9/200, 4.5%) ( p=6.62×10 −10 ). The most frequently germlinemutated gene in S-PPGLs was SDHB (29/46, 63.0%). This result was expected due to the existence of founder effects affecting this gene in the Spanish population. 20 The number of mutations in other genes was six for SDHD, two for SDHC, two for RET and one for VHL mutation. Moreover, as previously published, 2 3 23 25 27-29 39-41 the contribution of mutations in 'new' PPGL-genes was minor: three in SDHA (0.9%), one in SDHAF2 (0.3%), two in TMEM127 (0.6%) and no FH and MAX mutations. Figure 1 Age at disease onset by tumour location and genetic mutation status (germline mutation, somatic mutation, no mutation found in germline DNA study or no mutation found in germline plus tumour DNA study). The median and IQR of age in years at disease onset are shown for each group. A-PGL, abdominal-paraganglioma; HN-PGL, head and neck-paraganglioma; PCC, pheochromocytoma; T-PGL, thoracic-paraganglioma; WT, wild type.
Among the 99 tumour samples, 68 were PCCs and 31 PGLs. Among the 75 FFPE samples, all except one showed positive SDHB-IHC. Somatic mutations were more prevalent in PCCs (48.5%) than in PGLs (32.3%; p=0.13). HRAS was the gene most often somatically mutated (15.3% of the 98 tumours tested), followed by VHL (11/80, 13.8%), RET (8/59, 13.6%), EPAS1 (6/98, 6.1%), SDHB (1/23, 4.3%) and NF1 and SDHD (one case each). A summary of the genetic testing is presented in online supplementary figure S2.
Tumour location
To make a recommendation about which type of sample should be prioritised for genetic screening of the known PPGL-related genes, and to avoid an overestimation of the frequency of patients with somatic mutations, not only the 99 germlinenegative cases with tumour material available were included in the analysis, but also the 46 germline-positive patients. The remaining 184 germline-negative cases were excluded from this study since tumour material was not available and thus, somatic screening was not feasible. Statistically significant differences were found between PCCs and PGLs regarding the proportion of somatic mutation carriers versus germline mutation carriers (p=6.67×10 −8 ). In this subset of patients, somatic mutations were found in 4.2% of HN-PGLs, 0% of T-PGLs, 24.3% of A-PGLs and 42.9% of PCCs. Among all locations, HN-PGLs and T-PGLs were mainly associated with germline mutations (p=2.0×10 −4 and p=0.027, respectively) (table 2). The most frequently mutated gene in PCCs was HRAS, while SDHB was the major contributor in PGLs regardless of their location, followed by SDHD in HN-PGLs, even though the involvement of this gene has been mainly related to multiple PPGLs. 2 In A-PGLs, SDHA, EPAS1 and HRAS were mutated with similar frequency (three cases each). Genetic results by tumour location, and clinical characteristics by gene mutated, are detailed in table 3.
Utility of predominant secretion of PPGLs to guide genetic screening HRAS-mutated, RET-mutated and NF1-mutated S-PPGLs presented predominantly adrenergic secretion. EPAS1-mutated, VHL-mutated, SDHB-mutated and SDHA-mutated S-PPGLs had, as expected, noradrenergic secretion. Only two TMEM127-mutated cases were found, one with adrenergic and the other with noradrenergic secretion. The case in our series with a mutation in SDHAF2 showed mainly adrenergic secretion. The result from an assessment of genes mutated by location, for adrenergic and noradrenergic secreting tumours, suggested that in case of noradrenergic secreting tumours, VHL should be tested before SDHB (p=3.51×10 ) and SDHD ( p=7.1×10 −4 ) in PCCs, SDHD before VHL ( p=0.0095) in HN-PGLs and SDHB before VHL ( p=0.0024) in thoracic plus abdominal-PGLs (TA-PGLs) (see online supplementary table S3). However, no statistically significant differences were found in adrenergic tumours between the proportions of HRAS-mutated and RET-mutated cases for each location (table 3) .
Paediatric presentation
Data on age at presentation by tumour location and genetic mutational status are summarised in figure 1. The median age at onset for germline mutation carriers was lower than that for somatic mutation carriers and cases without a mutation.
Driver mutations were more frequently found in paediatric than in adult cases (73.3% vs 25.2%, p=0.00020). Germline mutations were found in 53.3% of children, involving SDHB in Table 1 Clinical characteristics by tumour location six cases (75%) and SDHA and VHL in one case each. In addition, three somatic mutations were found in the five tumours available from the paediatric cases with negative germline screening (60%), all of them in VHL. Proportionally less adult cases (12.5%) presented germline mutations ( p=0.00030), while somatic mutations were found in a similar percentage (41.9%) to that for paediatric patients ( p=0.65).
Of paediatric S-PPGL with a bona fide diagnosis ( patients with germline mutation and those with negative germline screening and tumour available), 4 (23.1%) presented a somatic mutation, similar to the 37 (29.8%) somatic mutations found in S-PPGL cases older than 18 years old with a bona fide diagnosis ( p=0.15). If only paediatric and adult cases with a bona fide diagnosis were taken into account, no statistically significant differences in the proportion of mutated cases were observed ( p=0.068).
Minor but not less important metastatic-related players beyond SDHB gene
Of the 29 metastatic cases, 19 (65.5%) carried a driver mutation. Germline mutations were found in 14 (48.3%), most commonly in SDHB (71.4%), followed by SDHD (14.3%). No mutations were found in other genes associated with a higher rate of metastases, such as MAX and FH. 35 41 However, in one metastatic S-PPGL we found a somatic mutation in HRAS, a gene that has not previously been reported to be involved in metastatic PCCs. In addition, as previously described, there were metastatic cases with germline mutations in SDHA, SDHC or with somatic mutations in EPAS1, RET, VHL and SDHD. 42 
DISCUSSION
Mutation analysis
Since 2002, several reports have been published on genetic screening in S-PPGLs, with the estimated prevalence of hereditary cases ranging from 11.3% to 24%. 14 15 17-20 43 However, it is difficult to compare these findings because the criteria used to define S-PPGLs varied between studies; some included cases with multifocal 19 or bilateral 18 19 tumours, or cases with family history, 19 while others focused on benign tumours 17 or secreting tumours 18 19 or included cases diagnosed within a specific age range. 43 Further, only germline mutations in the PPGL-related genes known at the time (RET, VHL, SDHB, SDHD and SDHC) were considered. That said, in our 2009 study, we found germline mutations in 135 (14%) of the cases studied, and this report shows the same percentage of hereditary cases, despite having increased the sample size (from 135 to 329) and five additional genes having been included in the analysis. 15 This is likely explained by the limited contribution of the 'novel' 
27-29
In recent years, somatic mutations in S-PPGLs have also been reported, highlighting the importance of working with tumour samples to provide a genetic diagnosis.
11 21-26 29 30 44 Our study shows a higher frequency of somatic mutations than the reported 36%, 22 probably because we included the study of HRAS and EPAS1, which seems to be relevant to S-PPGL. This higher frequency of mutations was seen for RET, VHL and HRAS; the previously reported prevalences were 5-5.1%, 8.5-9.2% and 6.9-10%, respectively.
11 21 22 24 26 On the other hand, our study found a similar frequency of EPAS1 mutations (6.1%) to that previously reported 7.9%. 44 In 2012, two independent studies found somatic NF1 mutations in 24% and 41% of PPGL patients, predominantly in PCCs and one A-PGL. 22 23 For three of the cases, the mutation was found to be in the germline, all had mild features and none had previously been identified as syndromic NF1 patients. 22 We found one somatic mutation in NF1 among the five adrenergic frozen tumours available (20%). This lower percentage is probably due to the limited number of tumours analysed for somatic NF1 mutations. The use of NGS could resolve the difficulties of studying NF1 by Sanger sequencing (large size, the absence of identified hot spots, high cost and time of delivery), and its future use will probably explain a large number of cases with unknown driver mutations.
Only one case had a somatic mutation in SDHB and SDHD. Finally, MAX was not somatically involved in our series, which is consistent with previous reports (1.65-2.5% frequency). 22 25 Similar to the COMETE cohort study, where somatic genetic assessment was guided by findings from genome-wide expression studies, 21 22 our somatic study was, in part, guided by the fractionated biochemical secretion observed for each tumour, highlighting the importance of having access to secretion data. In this regard, it has been already demonstrated that mutation screening of SDHB is unnecessary in metastatic tumours secreting epinephrine. 45 Although germline mutations in the HRAS and EPAS1 genes have been reported to be associated with the 'Costello syndrome' and 'familial erythrocytosis type 4', respectively, no case with PPGL has been reported in families with those syndromes. 2 24 26 46 However, elevated urine catecholamine metabolites have been described in some patients with Costello syndrome 47 and EPAS1 mutations have been found as a mosaic in germline DNA extracted from leucocytes and buccal cells in two patients with polycythaemia and PPGLs. 48 49 Although we have not ruled out the presence of these mutations in germline DNA, none of the cases with somatic mutations in EPAS1 or HRAS showed any of the associated syndromic features. 
Importance of differentiating specific location
In addition to the predominant secretion, our study highlights the utility of differentiating tumour location to select not only the most appropriate DNA sample (germline or tumour), but also the genes to be studied. Our analysis enabled us to conclude that the study of germline DNA should be prioritised in HN-PGLs and T-PGLs, while the study of tumour DNA should be recommended in PCCs. Despite not finding statistically significant differences between the frequencies of somatic and germline mutations in A-PGLs, SDH genes were involved in 72% of mutated cases (being two somatic mutations). In addition, 20% (3/15) of HRAS-mutated cases in this series were A-PGLs, compared with the 4.2% (1/24) previously reported, 11 24 26 highlighting the relevance of HRAS somatic testing in tumours located outside the adrenal glands. Finally, for A-PGLs, it seems appropriate to recommend a germline study (starting with the SDH genes) in cases with tumours negative for SDHB-IHC and somatic screening (excluding the SDH genes) in those with positive SDHB-IHC staining.
Metastatic behaviour
As expected, SDHB was the main gene involved in metastatic S-PPGLs, even in cases with PCC. It was the most commonly mutated gene among T-PGLs (38.5%). Somatic mutations in VHL, RET, EPAS1, HRAS and SDHD were detected in one case each. Thus, because knowing the driver mutation is especially important in the determination of the most appropriate therapeutic intervention, 3 metastatic cases should not be excluded from comprehensive testing for somatic mutations.
Age at onset
Historically, paediatric age has been considered a predictor of the presence of germline mutations in PPGL-related genes. In fact, previous paediatric series have shown rates of germline mutation of around 80%. 50 The results from the present study show that at least a quarter of S-PPGLs can be explained by somatic mutations, even in paediatric cases. So, it is also important to study somatic mutations in young patients.
Although there is no agreement on the upper age limit to apply for genetic testing, 1 13-15 18 20 51 45 years resulted in a better identification of mutation-positive cases in the study of Erlic et al, 13 where various clinical parameters were assessed using multiple logistic regression. If germline screening had not been performed in index cases older than 45 years in our series, we would have missed 11.1% hereditary cases of HN-PGLs, 25% of T-PGLs, 8% of A-PGLs and 3.2% of PCCs. Conversely, younger patients tend to be excluded from somatic studies. Thus, if the somatic screening had not been performed in index cases younger than 45 years, we would have missed the genetic diagnosis of 42.9% A-PGLs, and even more importantly, 53.3% of PCCs. Therefore, we recommend that a germline and somatic genetic diagnosis be carried out for all S-PPGLs, regardless of the age of diagnosis.
Moreover, paediatric cases with somatic mutations should be assessed with caution, as it is especially important to rule out the presence of a mosaic. Mosaicism has been demonstrated to occur in EPAS1 patients. 52 53 NGS is a useful diagnostic tool to accurately quantify the level of mosaicism through the study of different embryological lineage cells. 48 Thus, if a somatic mutation is found in a paediatric case, a search for the mutation in multiple tissues is encouraged to better evaluate the extension of the disease, as well as to improve the management and follow-up of the patient and their offspring. 
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Paraffin-embedded tumour samples
The prevalence of mutations in the SDH genes in A-PGLs, metastatic cases, as well as paediatric S-PPGLs stresses the importance of using SDHB-IHC as a filter to optimise genetic screening, and therefore highlights the importance of having access to FFPE tumour material. 3 32 Additionally, SDHA, MAX and S-(2-succinyl) cysteine IHC could also help to direct mutation testing of SDHA, MAX and FH, respectively. 3 25 31 32 41 A good example of utility of performing IHC to guide the study was the case with a somatic mutation in SDHD. Somatic SDHs mutations are scarce and rarely analysed. When FFPE tumour material is unavailable, at a minimum SDHB germline mutations should be tested for, given the higher associated risk of developing metastases 54 and the presence of a founder effect, at least in the Spanish population. 20 Even where NGS can be carried out, the large number of variants identified by this platform means that having access to FFPE tumour samples to perform IHC studies can help to select the genetic variants that should be validated by Sanger sequencing, and to determine the pathogenicity of variants of unknown significance found in these genes. 11 27 28 Reasons to consider genetic screening in all cases of S-PPGLs Genetic screening is expensive and time-consuming, especially if NGS is not available, but there are important implications of having a genetic diagnosis in S-PPGLs. According to the American Society of Clinical Oncology (ASCO)'s general recommendations for genetic screening, all patients with a risk of at least 10% of carrying a genetic mutation should be offered genetic testing, especially when the results would aid in diagnosis or influence the management of the patient or family members at hereditary risk of cancer. 16 55 The identification of a germline mutation in a patient with apparent S-PPGLs could lead to the early diagnosis of multiple tumours or additional syndromic neoplasias in the proband, as well as in relatives at risk.
On the other hand, the identification of a somatic mutation benefits: (1) family screening, as it frees relatives from the need for genetic screening and clinical follow-up (more caution has to be taken in the case of 'somatic mutations' in paediatric cases since the possibility of a germline mosaicism cannot be excluded); (2) diagnosis, making unjustified the exhaustive follow-up required for patients harbouring germline mutations associated with a high risk of developing different cancer types; (3) prognosis, as it is known that mutations in some genes have a well-known high risk of metastatic behaviour and (4) therapeutic opportunities, since the identification of the somatic mutation opens up the possibility of new therapeutic approaches if surgery is not curative. Mutations involving cluster 1 genes could be targeted using an antiangiogenic approach, mutations in cluster 2 genes could be treated by targeting the mTOR and the RAS-RAF pathway and, specifically, for FH-related and SDH-related malignant PPGLs, drugs targeting epigenetic pathways could be an option. Finally, the identification of a somatic mutation avoids additional germline genetic screening as new susceptibility genes are discovered, which is associated with considerable anxiety and psychological ill health, especially in relatives of paediatric and metastatic cases. 2 3 27 54 56 In conclusion, the results of this study should bring to an end years of controversy and debate, as it brings new evidence that highlights the need to recommend genetic testing for all patients with an apparently S-PPGL, regardless of the age at first PPGL diagnosis.
Finally, based on the present and previous findings, 3 based on tumour location for sporadic single PPGL (figure 2), for laboratories where NGS is not available or not optimised. Where NGS can be used, the sample type that should be tested is tumour DNA for PCCs and germline DNA for HN-PGLs and T-PGLs. For A-PGLs, it seems crucial to have a FFPE tumour sample available in order to perform SDHB-IHC, the findings from which can be used to determine the ideal source of DNA sample to study.
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